(3), or 1 ,1 0-phenanthroline, (4)] have been synthesized by recrystallization of copper(i) cyanide from (or with) the parent base and their crystal structures have been determined by single-crystal X-ray diffraction methods; n = 1 except in the case of ( 3 ) where n = 1.5. Crystals of (1) are monoclinic, space group P2,/n, with a = 15.1 08(7), b = 7.321 (5), c = 13.699(6) A, p = 103.00(4)", and Z = 8; R was 0.044 for No = 871 independent 'observed' reflections. For (2), crystals are orthorhombic, space group Pnma, with a = 9.501 (4) Elsewhere we have reported the synthesis and single-crystal X-ray structure determinations of adducts of copper@) thiocyanate with a variety of pyridine bases. In the present report we extend the study to the cyanide species. The complexes were prepared by the reaction of copper@) cyanide with the pure parent base (L) yielding precipitates from which colourless crystals of the 1 : 1 CuCN: L adduct were obtained for L = diethylamine, (l), by recrystallization from tetrahydrofuran (thf), and L = triethylamine, (2), by recrystallization from dichloromethane, and the 1 : 1.5 adduct with 4-methylpyridine (4Me-py), (3), by slow recrystallization from the hot parent base. The 1 : 1 CuCN:phen adduct, (4), (phen = 1,lO-phenanthroline),2 was obtained as orange crystals from acetonitrile solvent. Stoicheiometries and structures were established by singlecrystal X-ray diffraction studies on crystals generally encapsulated in capillaries.
Elsewhere we have reported the synthesis and single-crystal X-ray structure determinations of adducts of copper@) thiocyanate with a variety of pyridine bases. In the present report we extend the study to the cyanide species. The complexes were prepared by the reaction of copper@) cyanide with the pure parent base (L) yielding precipitates from which colourless crystals of the 1 : 1 CuCN: L adduct were obtained for L = diethylamine, (l), by recrystallization from tetrahydrofuran (thf), and L = triethylamine, (2), by recrystallization from dichloromethane, and the 1 : 1.5 adduct with 4-methylpyridine (4Me-py), (3), by slow recrystallization from the hot parent base. The 1 : 1 CuCN:phen adduct, (4), (phen = 1,lO-phenanthroline),2 was obtained as orange crystals from acetonitrile solvent. Stoicheiometries and structures were established by singlecrystal X-ray diffraction studies on crystals generally encapsulated in capillaries.
Experimental
Crystallography.-General procedural details are given in a previous paper., Crystal data for [Cu(CN)(NHEt,)] (1). C5H1 ,CuN,, M = 162.7, monoclinic, space group P2,/n ( C ; , no. 14, variant), a = 15.108 (7) , b = 7.321(5), c = 13.699 (6) A, p = 103.00 (4) Assignment of the cyanide was on the basis of reasonable thermal parameters and significant changes in R were not possible for the less precise structures. In conformity with the more precise structures, in cases of doubt, atoms assigned as carbon are those with the shortest bonds to copper. Atomic co-ordinates are in Tables 1-4 and the structures are shown in Figures 1 -4 .
Compound (4). It will be evident from inspection of the coordinates (Table 4 ) and Figure 4 that the structure contains additional symmetry over and above that of space group P3,, conforming closely to that of space group P3,21 (no. 152), the only potential deviant from ideal symmetry being the cyanide. Refinement of the structure in P3,21 resulted in a residual of 0.044 (reverse chirality, 0.047); the atoms of the cyanide were modelled by a disordered C,N composite. With ordered cyanide components in space group P3,, the residual falls significantly to 0.041, and the structure is therefore finally described in those terms. It is of interest that in the process, the most significant change in the structure consists of movement of the atoms of the cyanide to give a model consistent with the significant geometrical discrepancy expected for Cu-C and Cu-N bonds. The overall difference, however, is relatively minor and co- Table 2 . Non-hydrogen atom co-ordinates for ordinates and thermal parameters for the P3 21 disordered model are given in S U P 56150. 
Results and Discussion
Previous structural work on copper(1) cyanide systems is limited in quantity and scope. The structure of the parent copper(1) cyanide still seemingly remains undetermined by single-crystal methods, and the bulk of work carried out on the system appears to have been on double salts, containing polymeric complex anions in the solid, or on ammonia and hydrazine derivatives. The dominant feature thus far is the trigonal-planar copper(1) atom surrounded by three cyanide ligands linearly co-ordinated through either carbon or nitrogen, or two cyanide groups and a base, resulting in two-dimensional network structures or one-dimensional polymers. Cyanide carbon atoms are generally more tightly bound than cyanide nitrogen atoms and this is reflected correspondingly in inequivalences in the trigonal angles in the plane. Individual examples, however, provide interesting variations in the above pattern. Na Compound (l).-The structure determination shows the stoicheiometry of the copper(1) cyanide-diethylamine adduct recrystallized from tetrahydrofuran to be 1 : 1. Unlike the stoicheiometrically similar Cu(CN)*NH, adduct, however,8 where the Cu(CN) molecules link to form a two-dimensional network/sheet structure, in the present case, the asymmetric unit comprises a pair of Cu(CN)(base) units which, in sequence, make up the repeat unit of a one-dimensional ... Compound (2).-The structure determination establishes the stoicheiometry of the complex to be that of a 1 : l onedimensional polymeric adduct of Cu(CN) with triethylamine. The polymer is oriented parallel to the a axis and lies in the mirror plane parallel to the ac plane at y = 0.25. All atoms except one of the ethyl substituents on the ligand lie on Wyckoff c sites at y = 0.25 in the space group Pnma. Each unit of polymer is generated by the two-fold screw axis at y = 0.25. The polymeric structure and the unit-cell contents are shown in The cyanide group is presumed to be bonded through its carbon atom (comparing thermal parameters and R values between C and N). However, the difference between Cu-C and Cu-N is only 0.03 A and N(1)-Cu-C,N angles differ by 8". Moreover, the thermal parameters of all atoms in the mirror plane, U,, for Cu, CN, N( l), and C(22) are high and more than double the corresponding U , , and U33. Since the only atoms which protrude from the plane are the pair of symmetry-related ethyl groups, and the polymer disposition is such that U 2 2 would probably be the largest diagonal component of these thermal tensors, it may also be the case that disorder is present which generates the high U,, components. Photography of the crystals shows no evidence for the presence of a superlattice. The cyanide group is linear with Cu-C-N 177.5(11) and CU-N-C 178.9( 11)'.
Compound (3).-The structure determination establishes the stoicheiometry of the compound obtained by recrystallization Table 6 . Copper-cyanide geometry in (2); italicized atoms are generated
Angles ( Table 7 . Copper-cyanide geometry in (3); N(2) is generated by (x -t,
Distances (A) attached, making up a trigonal-planar array (angle sum in the co-ordination sphere, 359.8'); the angle opposite the coordinated base is large and comparable with that observed in (2). Nevertheless, the Cu-N(base) distance in (3) is shorter than in (2) and comparable with the value found in (l), although the co-ordinated cyanide distances more nearly resemble the values of (2). Cu(2), by contrast, has two base nitrogen atoms attached; although both distances are longer than the corresponding distance for the single base of (l), N(31) is less strongly bound than N(21), and, as expected, the smallest angle in the coordination sphere lies between them. The angle between the cyanide linkages is still high, being 139.5(3)' (Table 7) , a value greater than that observed in the trigonal co-ordination environment of (1).
Compound (4).-The stoicheiometry of the 1,lO-phenanthroline adduct of copper(1) cyanide is 1 : 1. The structure closely resembles that of the recently studied dmphen adduct,'* being a single stranded polymer, with a single Cu(CN)(base) group as the repeating unit. Interestingly, however, whereas both polymers are generated by crystallographic screw axes, that relevant to the dmphen compound is the 2, screw of space group P2,/n, whereas in the present case it is the 3, screw of space group P3,. The copper environment is four-co-ordinated by cyanide carbon and nitrogen atoms and a bidentate, fairly symmetrically co-ordinated phen ligand. Cu-N(phen) distances are both relatively short and the co-ordination environment more nearly tetrahedral than for Cu(2) in (3), the angle subtended at the copper atom by the two cyanide linkages being reduced to 124.1(6)' ( Table 8) .
In all four complexes, the cyanide is linearly co-ordinated; no angle at any cyanide carbon or nitrogen is less than 169", and no tendency toward multiple co-ordination by either atom is observed. All copper-carbon distances lie in the range 1.86-1.88 8, and show no significant differences; Cu-N(cyanide) distances range from 1.89(1) in (2) (possibly unrealistically low because of disorder) to 1.94(2) A in (4), the range again being of doubtful significance. The angle between the cyanide groups, by contrast, appears to be much more sensitive to changes in the coordination environment of the copper, and its variations have been noted above. Infrared absorption bands assignable to bridging -C=N-stretching modes are observed for all four complexes in the region 2 1CKb-2 160 cm-1:2 (l), 2 160w (br), 2 100s (br); (2), 2 140,2 llOw (sharp); (3) 2 100s (br); (4) 2 100s (sharp).
Given the occurrence of three-co-ordinate copper(1) in three of the complexes, the observation that no Cu-N(base) distance is less than 2.09 A is convincing evidence that, relative to the cyanide, the bases are very weakly co-ordinated indeed (cf: the value of 1.99 A for the Cu-N distance in [Cu(2Me-py),]+).13
We note also, that in the thiocyanate complexes discussed elsewhere,' four-co-ordination of the copper in the context of one-dimensional polymer formation is the norm, except in cases of extreme steric hindrance by the ligand, leading normally to complexes of stoicheiometry Cu(SCN)L,. In the latter complexes, the angle subtended at the copper by the two thiocyanate ligands is much closer to the tetrahedral norm than is the case in the present cyanide complexes. In the present series of experiments we observed no reaction between sterically hindered bases and Cu(CN), again illustrating the stability of the polymeric [Cu(CN)] a) chain structure in these complexes.
